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Obijectives: To develop an objective method of nailfold capillaroscopy (NFC), applicable to a wide
age range of paediatric patients. To compare the morphological characteristics of the nailfold capillar-
ies in different rheumatology patient groups and controls.

Methods: A colour digital video camera attached to a stereomicroscope was used to capture nailfold
capillary images. Computerised image processing was used fo analyse and store data. Subsequent
quantitative and qualitative morphological analysis was performed in the following paediatric patient
and control groups: 18 children with connective tissue diseases (CTD: juvenile dermatomyositis,
systemic sclerosis, and undifferentiated connective tissue disease), eight with systemic lupus erythema-
tosus, nine with primary Raynaud’s disease, three with primary vasculitis, 15 with juvenile idiopathic
arthritis, 17 healthy children and 20 healthy adults. Images were analysed by a single assessor who
was unaware of the patient details.

Results: The NFC technique was simple to perform and gave reproducible results, although some intra-
and intersubject variation was noted. Capillary density and width was age related, with younger chil-
dren having fewer and wider capillaries than older children and adults. Linear capillary density was
significantly higher in healthy adults (mean (SD) 8.6 (1.6) capillaries/mm) compared with healthy chil-
dren (HC 6.9 (0.9) capillaries/mm). The group with CTD had the most abnormal findings, with lower
linear density (4.9 (1.7) capillaries/mm) and increased capillary loop width (10.7 (7.3) mm)
compared with HC (3.5 (1.7) mm). In addition, 11/18 (61%) patients in the CTD group had more than
two definitely abnormal capillaries in at least two nailfolds, an abnormality not seen in other subjects.
Two qualitative measures, the degree of avascularity and general disarrangement of capillary pattern,
were more commonly observed in the CTD group than in HC. The proportion of tortuous capillaries did
not differ significantly between study groups.

Conclusions: This study is unique in measuring objective quantitative and qualitative parameters of the
nailfold vasculature across a wide spectrum of age and disease. Differences in capillary morphology
and frequency in children with CTD compared with other paediatric diseases and healthy controls were
demonstrated. In the clinical situation, an assessment of the general degree of disarrangement may
offer a fast tool for assessment of the nailfold vasculature which correlates well with NFC data.

lished investigation for adults with a variety of

connective tissue diseases (CTD). Morphological
changes of the nailfold capillaries are believed to reflect the
microvascular abnormalities present in systemic sclerosis,
dermatomyositis, and undifferentiated CTD. Significant
changes in capillary morphology (mainly capillary density,
avascularity, and abnormal capillaries) are present in >80% of
adult patients with scleroderma and related disorders."” The
extent of microangiopathy detected by NFC has been shown
to correlate with disease severity and prognosis.' ** Further-
more, the presence of an abnormal capillary pattern in adult
patients with Raynaud’s phenomenon is thought to be indica-
tive of the future development of CTD, even in the absence of
other disease symptoms.” "

There are fewer capillaroscopic data available in the paedi-
atric population, and the range of normal findings in the
healthy adult population' may not be applicable to children.
Age related differences in various capillaroscopy parameters
have been noted, especially for capillary density" and capillary
dimensions"” as well as for some other descriptive parameters
such as shape anomalies or subpapillary plexus visibility."” "* *°
Comparable quantitative capillaroscopic data for healthy chil-
dren as well as for paediatric rheumatology patients are
limited."*" Nevertheless, NFC findings have been proposed as

N ailfold capillaroscopy (NFC) has become an estab-
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a potential marker for more persistent disease in children with
dermatomyositis,'* and correlation of the degree of vasculopa-
thy and the clinical course has also been documented."”

In this study we had two aims: (a) to develop a simple,
reproducible, and objective method of nailfold capillaroscopy
applicable even to young children, and (/) to record the range
of capillaroscopic findings in healthy children and children
with a variety of rheumatic diagnoses.

SUBJECTS AND METHODS

Subjects

A total of 375 nailfold images were captured, of which 300
(80%) from 70 children and 20 adults were suitable for analy-
sis. Unsuitable images resulted from darkly pigmented skin,
extensively manicured nailfolds, or thickened, dry nailfold
skin. The paediatric age group comprised 26 boys and 44 girls,
ranging from 2 to 18 years (mean 10.5). The healthy adults (11

Abbreviations: CTD, connective tissue diseases; HA, healthy adults;
HC, healthy children; JDMS, juvenile dermatomyositis; JIA, juvenile
idiopathic arthritis; MCTD, mixed connective tissue disease; NFC, nailfold
capillary; RS, Raynaud’s syndrome; SLE, systemic lupus erythematosus;
SSc, systemic sclerosis; VAS, primary vasculitis
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Table 1 Group characteristics
Disease duration
Patient number Age (years) (years)

Group* Diagnosist (No of images) Mean (range) Mean (range) Vasoactive drugsf
HA Healthy 20 (35) 35 (21-58) 0

HC Healthy 17 (60) 7 (2-18) 0

JIA Oligo 6, poly 5, syst 2, PsA 2 15 (55) 9.8 (6-1¢) 3(3m-5y) 0

SLE SLE 8 (26) 13.1 (9-17) 3.6 (5m-8Yy) 0

cTD IDMS 8, SSc 3, MCTD 4, other 3 18 (80) 13.3 (5-17) 51©9m-11y) 2 (MCTD, overlap)
RS Primary RS 9 (36) 9.8 (3-14) 4.1 (2-7 y) 2

VAS HSP 2, urfic 1 3(8) 10 (6-14) 1.9 (3 m-5y) 0

*HA, healthy adults; HC, healthy children; JIA, juvenile idiopathic arthritis; SLE, systemic lupus erythematosus; CTD, connective tissue disease;

RS, Raynaud’s syndrome; VAS, primary vasculitis.

tOligo, oligoarthritis; poly, polyarthritis; syst, systemic arthritis; PsA, psoriatic arthritis; JDMS, juvenile dermatomyositis; SSc, systemic sclerosis;

MCTD, mixed connective tissue disease; other, overlap syndromes; HSP, Henoch- Schénlein purpura; urtic, urticarial hypocomplementaemic vasculitis.
1The only vasoactive drug used at the time of the study was nifedipine in four cases.

male, nine female) ranged in age from 21 to 58 years (mean
35). Patients were recruited from paediatric rheumatology
outpatient clinics on the basis of clinical diagnoses established
by an experienced paediatric rheumatologist (TRS). The sub-
jects were divided into the following groups for the purposes
of this study: healthy adults (HA)—20 staff members from the
Department of Rheumatology, University of Birmingham;
healthy children (HC)—17 children of the staff members or
healthy siblings of the patients; juvenile idiopathic arthritis
(JIA)—15 children (six oligoarthritis, five polyarthritis, two
systemic disease, and two psoriatic arthritis); juvenile
systemic lupus erythematosus (SLE)—eight children;
CTD—18 children (eight with juvenile dermatomyositis
(JDMS), three with systemic sclerosis (SSc), four with mixed
connective tissue disease (MCTD), three with overlap syn-
dromes); primary Raynaud’s Syndrome (RS)—nine children;
primary vasculitis (VAS)—three children (two with recurrent
Henoch-Schonlein purpura and one with hypocomplementae-
mic urticarial vasculitis) (table 1). The only patients who were
taking vasoactive drugs (nifedipine) at the time of the study
were four patients in the CTD group (table 1). No patient took
part in the study during the early or acute phase of their dis-
ease and none had clinical evidence of severe disease activity.
The study was approved by the South Birmingham Health
Authority local research ethics committee, and written
informed consent was obtained from all subjects and their
parents, as appropriate.

Capillaroscopy

After waiting for 20 minutes in a room at a standardised tem-
perature of 24°C, the patient was seated at the capillaroscopy
equipment, either alone or on the parent’s lap as appropriate.
The equipment was explained to the subject and a drop of
immersion oil was applied to the nailfold to maximise the
translucency of the keratin layer. The finger to be examined
was gently held in position on the microscope base plate, by
the parent if necessary. Direct capillaroscopy was performed
using an Olympus SZ-40 stereomicroscope and fibre optic
illumination. The nailfolds of all fingers except thumbs were
examined in children and fourth fingers only in healthy
adults.

The whole nailfold was initially examined under low mag-
nification to determine the distribution of any obvious abnor-
malities. Usually the abnormalities were evenly distributed, so
a 3 mm section of the middle portion of the nailfold was mag-
nified 66 times (3 mm of nailfold was equivalent to 19.8 cm on
the computer screen) and photographed using a colour digital
video camera TK-1280; a hard copy was made with a polaroid
printer. In the minority of cases where the abnormalities were
unevenly distributed, a 3 mm section of the most abnormal
area was photographed. Images were subsequently captured,
coded, and stored through NIH Image software (version 1.59)

on a Macintosh IIx computer. The total examination for one
patient, including capturing images from all eight nailfolds,
took 15-20 minutes. Image analysis was performed at a later
time by an observer (PD) who was unaware of the patient
details. Each analysis took about five minutes. Only images
with clearly distinguishable capillary loops were analysed
(about 80% of the total images). A standardised image of a
transparent ruler was also captured to enable calibration of
screen millimetres to actual micrometres (1 mm screen =
15.15 pm, fig 1).

Capillary image analysis

Six parameters of each image were measured: linear capillary
density, capillary width, capillary tortuosity, avascular areas,
capillary disarrangement, and the number of abnormal
vessels.

Figure 1

Nailfold capillary morphology: (A) normal capillaries,
healthy adult; (B) normal capillaries, healthy 2 year old child; (C)
abnormal capillaries, 15 year old boy with JDMS. a, Capillary width
in a giant capillary; b, tortuous loop, ¢, avascular area.
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Figure 2 Linear capillary density. Capillaries/mm—number of
capillaries per 1 mm of end capillary row. Healthy adults had
significantly increased capillary density compared with healthy
children (p<0.01). Patients with CTD also had significantly reduced
capillary density compared with healthy children (p<0.001).
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Figure 3 Variation of linear capillary density with age. In a normal
population, linear capillary density varies directly with age.

Capillary density and capillary width

Capillaries in the end row were counted manually. The linear
capillary density was obtained by counting the number of
clearly visible end row capillaries over a standard screen
distance (either 19.8 screen cm or 13.2 screen cm) depending
on the sharpness of the image, which was equivalent to actual
nailfold distances of 3 mm or 2 mm, respectively. The end row
capillary number was then divided by the end row length, and
expressed as capillaries/mm. In calculating the mean capillary
width, the maximum diameter of the three widest capillaries
was measured on the computer screen (maximum loop width
in mm).

Capillary morphology and arrangement

The number of tortuous and definitely abnormal capillaries,
the presence of avascular areas, and the degree of general cap-
illary disarrangement were also recorded. In defining capillary
morphology, we modified previously published data." **** Tor-
tuous loop morphological patterns, including curled, crossed,
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Figure 4 Capillary loop width in health and disease. mm
screen—mean width of the three widest capillaries in millimetres of
the screen. 1 mm screen = 15.15 actual pm. Children with CTD had
wider capillaries than normal control children (p<0.05).
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or meandering capillaries but not widened capillary limbs,
were noted. The proportion of tortuous loops compared with
the total number of capillaries in the area was expressed as a
percentage, to give an index of tortuosity.

Capillaries were considered definitely abnormal if they were
either extremely enlarged (giant capillaries or megacapillar-
ies, aneurysmal loops) or had striking shape abnormalities
(bushy and bizarre loops) (fig 1C). These formed the abnormal
capillary count. The presence of abnormal capillaries was
defined as a minimum of two definitely enlarged capillaries
for each observation site on at least two fingers.” Avascular
(deletion) areas were defined as a loss of more than two con-
secutive capillaries.” The extent of avascularity was graded as
0 (no avascular areas), 1 (moderate capillary loss of up to two
avascular areas), or 2 (severe capillary loss, multiple or conflu-
ent avascular areas).

General capillary disarrangement was defined as distortion
of the normal regular capillary pattern. This descriptive
parameter was quantified by the investigator’s global assess-
ment of the degree of change and graded as 0 (regular
pattern), 1 (slight irregularity), 2 (obvious disarray of
vasculature), or 3 (extremely disarranged pattern).

Reproducibility

An assessment of the reproducibility of each of the six param-
eters (capillary density, width, tortuosity, avascularity, disar-
rangement, and number of abnormal vessels) was undertaken
by the observer (PD) using 20 randomly selected nailfold cap-
illary images. The images were assessed on two occasions sev-
cral days apart. To ensure an unbiased assessment of
reproducibility, each image was coded and randomly reor-
dered between the two observation periods. The six param-
cters were calculated for each image during both the initial
and the repeat observation periods. A coefficient of variability
was estimated for the continuous variables (capillary density,
width, and number of tortuous loops) by determining the
standard deviation of the differences between the first and
second observations for each parameter. It was expressed as a
percentage of the mean value for each parameter. For the non-
continuous parameters (avascularity, disarrangement, and
number of abnormal vessels), the percentage of values in per-
fect agreement and within £1 unit was calculated.

Statistical analysis

Individual medians for each parameter were calculated from
the values of all nailfolds analysed in each subject. Kruskal-
Wallis non-parametric analysis of variance tests and Dunn’s
multiple comparison tests were used to detect differences
between groups of patients.

RESULTS

Reproducibility

In replicate measurements of 20 nailfold capillary images, the
coefficient of variability for linear capillary density was 10%,
for capillary width 20%, and for the number of tortuous capil-
laries 23%. For the non-continuous parameter of abnormal
capillary counts there was perfect agreement between
replicates in 80% of cases, and in 95% of cases agreement
between replicates was within 1 unit. Avascularity and disar-
rangement values showed perfect agreement in 90% and 85%
of cases, respectively, and were within +1 unit in 100% of cases.

Controls

The median linear capillary density in healthy childhood con-
trols was 6.7 capillaries/mm (range 5.3-9.3) in children,
significantly fewer than that seen in adults (median 8.9
capillaries/mm, range 5.7-12.0, p<0.01) (fig 2). Capillary den-
sity in healthy subjects varied directly with age (p<0.01), with
younger children having fewer capillaries (fig 3). Median cap-
illary width was 3.1 screen mm (range 2.2-9.4) in healthy


http://ard.bmj.com

Nailfold capillary microscopy in healthy children

Table 2
with CTD

Capillary density and width in the group

Linear capillary density

Diagnosis  capillaries/mm Capillary width (mm)

(n) Median (range) Median (range)
JDMS (8) 4.5 (2.0-7.6) 12.0 (2.7-27.7)
SSc (3) 3.7 (2.5-7.6) 14.9 (6.5-23.3)
MCTD (4) 5.3 (2.6-11.5) 7.4 (2.7-11.2)
HC (17) 6.7 (5.3-9.3) 3.1(2.2-9.4)

JDMS, juvenile dermatomyositis; SSc, systemic sclerosis; MCTD,
mixed connective tissue disease; HC, healthy children.

children and 2.7 screen mm (range 1.8-5.6) in adults,
corresponding to actual mean capillary diameters of 47 and 40
pm respectively (fig 4). Young control children of pre-school
age appeared to have evenly distributed, wide capillaries with
many tortuous, bizarre shapes (fig 1B), compared with adults.
The tortuosity index was highly variable, with median values
of 29% (range 5—49) in healthy children and 27% (range 0-71)
in adults. Only one healthy older child had abnormal capillar-
ies present in more than two nailfolds, and no abnormal cap-
illaries were seen in healthy adult controls.

Primary Raynaud’s syndrome

Children with primary Raynaud’s syndrome had a median
linear capillary density of 7.7 capillaries/mm (range 5.6-10.3),
median capillary width of 3.7 mm (range 2.0-4.6), and a tor-
tuosity index of 27% (range 9-57). Two children each had a
single abnormal capillary. No statistically significant differ-
ences were found compared with healthy control children.
Avascularity and definite capillary disarrangement (grades
2-3) were not present in this group compared with healthy
adult and paediatric controls (table 2).

Connective tissue disease

The group with CTD had markedly fewer capillaries (median
linear density of 4.8 capillaries/mm (range 2.1-7.8) than both
normal children and adults (p<0.001). Within the CTD group,
patients with JDMS and SSc had the lowest density values
(table 2). Children in the CTD group had also the widest cap-
illaries with median value of 8.1 screen mm (range 2.6-27.0),
differing significantly from healthy children (p<0.05). The
widest capillaries were seen in patients with SSc¢ and JDMS
(table 2). Significant differences were seen between CTD and
healthy adults (p<0.001), healthy children and JIA (p<0.001)
and SLE (p<0.01). The SLE group appeared to have narrower
capillaries than the other groups, but this was not statistically
significant (fig 4).

A total of two or more capillaries with abnormal morphol-
ogy on at least two fingers were present in nailfold images of
11/18 (61%) patients in the CTD group (table 2). One patient
with primary vasculitis had three abnormal capillaries in a
single nailfold field. Five of eight patients with JDMS had the
most striking morphological abnormalities characterised by
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massive bushy and giant capillaries in almost all of the exam-
ined nailfolds. Similar morphological characteristics were
seen in patients with MCTD and SSc. The only other subject
who met this criterion was a healthy 2 year old boy who had a
total of 11 abnormal capillaries in two nailfolds, but with total
absence of avascularity or disarrangement.

Avascularity of grade 2 in at least one capillary image was
present in the nailfolds of 10/18 (56%) patients with CTD and
corresponded with the presence of abnormal capillaries. This
feature was not seen in the other groups.

Definite capillary disarrangement (grades 2 or 3) was
present in nailfold images of 14/18 (78%) subjects with CTD,
1/8 (13%) patients with SLE, and 2/15 (13%) patients with JIA
(table 3). The only abnormality seen in the remaining groups
was slight irregularity (grade 1). A significant difference was
found between CTD and HC (p<0.01) and between JIA and
HA (p<0.001). Children with juvenile arthritis, including two
patients with psoriatic arthritis who did not have nail involve-
ment, did not differ significantly from control groups in any of
the observed parameters.

DISCUSSION

Our study is unique in measuring parameters of the nailfold
vasculature across a wide spectrum of age and disease. The
modifications of capillaroscopic methodology outlined in this
paper have combined the advantages of classical wide field
microscopy with computer image processing.

Several methods of nailfold capillaroscopy have been
reported during the past two decades, including direct in
vivo  capillaroscopy," ***  wide field (panoramic)
photomicrography,” * > '***# or videocapillaroscopy and com-
puter based image analysis.” *** In most methods, the time
taken for capillary counting (direct in vivo capillaroscopy) or
image capture (wide field photomicrography) precludes their
use in young children, and lack of recorded images prevents
serial studies. The advantages of our method were in rapid
nailfold scanning and fast image capture of the most
abnormal areas. The digitisation process resulted in clearly
distinguishable black and white capillary images where quan-
titative as well as qualitative parameters could be assessed
easily on the computer screen. We demonstrated good
reproducibility and correlations with disease.

Linear capillary density

This is the first time that linear capillary density has been
objectively evaluated in healthy subjects ranging in age from 2
to 58 years in a single study. The tendency of capillary density
to increase with age (fig 3) may be a part of the maturation
process, and has been observed by other authors.” ** ** In older
children and adolescents this tendency is less remarkable.” *
The linear capillary density we demonstrated in the healthy
adult population was similar to that reported by Lefford and
Edwards™ and by Houtman ef a/, > but somewhat lower than
that reported by others." ***' ** One reason for this discrepancy
may lie in the nature of the nailfold vasculature itself. The

Table 3 Morphological characteristics: group comparisons

Tortuosity % of total
Group capillary count (range) (% of patients)

Abnormal capillaries

Significant avascularity Definite disarrangement
(% of patients) (% of patients)

HA 27 (0-71) 0
HC 29 (5-49) 6
JA 16 (0-51) 0
SIE 19 (0-27) 0
CTD 34 (0/86) 61
RS 27 (9-57) 0
VAS 60 (40-80) 0

0
0
13
13
78
0
0

[eNeoNc NeoNoNoNe]

HA, healthy adults; HC, healthy children; JIA, juvenile idiopathic arthritis; SLE, systemic lupus erythematosus;
CTD, connective tissue diseases; RS, primary Raynaud’s syndrome; VAS, primary vasculitis.
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capillaries in the nailfold may lie in different planes, and in
our technique usually only one plane is sufficiently focused
under the microscope to allow counting and measurement.
Secondly, the end row of nailfold capillaries is not always
clearly distinguishable from capillaries in adjacent dermal
papillae.

Nailfold capillary density appears to be similar in healthy
children across Europe. French authors reported a mean cap-
illary density of 9 capillaries/mm in children of up to 10 years
of age, compared with 10 capillaries/mm in older ones.” An
Italian group showed slightly higher capillary counts ranging
from 9 capillaries/mm in infants to 14 capillaries/mm in
adolescents.” In the largest study reported, Terreri and
coworkers found that the mean capillary density was in the
range of 6.8-7.3 capillaries/mm in 329 children aged 2.1-16.7
years.” Using a digitised method of capillary image analysis,
British authors found capillary density in the range of 5-7.3
capillaries/mm in children aged 6-15 years,” ** similar to our
findings. We also found relatively high variability between dif-
ferent nailfolds of one subject as well as between subjects
within specific disease groups, suggesting a wide range of
normality for this parameter. Wildt ef al found good
correlation between density results obtained by direct
capillaroscopy and computer based analysis of nailfold photo-
graphs, but there was a tendency towards slightly higher
values from the direct capillaroscopy method. Precision focus-
ing during the examination might enable better visualisation
of capillaries lying in adjacent planes.*

Our finding of lower capillary density in children with con-
nective tissue diseases (JDMS, SSc, MCTD) was in agreement
with similar studies in children as well as in adults.”*****" > >
Variability within this group (fig 1, table 2) was probably
caused by differences in disease activity and duration where
children with long disease remission as well as those with
active disease were included. Capillary density in paediatric
disease control groups (JIA, RS, SLE) did not differ
significantly from that of healthy children. In adults,
quantitative data are available for rheumatoid arthritis and
SLE and they similarly do not show any significant difference
in capillary density in comparison with healthy adults.” *

Capillary width

Capillary width is a more controversial parameter for which
there is no universally agreed scoring technique. We based our
rating method on Maricq’s work, in which capillary enlarge-
ment was defined as a four- to 10-fold increase in capillary
size. Definitely enlarged capillaries have a loop width of at
least 90 to 150 pm."'7***°* Other authors designate
capillaries of at least 50 pm as enlarged' * or express capillary
size in terms of individual limb widths" ** **** or capillary loop
area.” * The upper limit of normal capillary width in adults
ranges from 25 to 50 pm."””* The median widest capillary
width we observed in the control groups corresponded with
published data.” Not surprisingly, capillary width was
enlarged in the CTD group by a factor of 2.5. Computer based
quantitative capillaroscopy has been used to demonstrate sig-
nificant differences in capillary loop area between healthy
children and those with JDMS.”” Unfortunately, the numbers
of patients in individual CTD subgroups were insufficient to
allow statistical analysis.

Semiquantitative and qualitative data on tortuosity, abnor-
mal capillaries, avascularity, and disarrangement are more
difficult to interpret objectively and compare with published
data as rating techniques are not unified. Definition of the
shape anomalies of nailfold capillaries remains a subjective

measure.“ 12 21 24

Capillary tortuosity

Tortuosity appeared to be the least reliable of the parameters
we assessed. We found high interindividual variability within

www.annrheumdis.com

Dolezalova, Young, Bacon, et al

the disease groups and healthy controls. Our data did not cor-
respond well with previous studies, where percentages of tor-
tuous loops of >20% were considered abnormal.”' ** This
discrepancy may be due to differences in interpretation of
“hair-pin” versus “tortuous” capillaries.

Abnormal capillaries and avascularity

The presence of abnormal capillaries has been widely reported
and its association with connective tissue disease well
established.” The proportion of patients in the CTD group who
had significant numbers of abnormal capillaries was similar to
that reported by Kabasakal and coworkers.” Others have also
shown that an abnormal nailfold capillary pattern in children
with Raynaud’s syndrome suggests that it may be secondary
to an underlying CTD such as systemic scleroderma.” > We did
not see abnormal capillaries in any healthy adults, in contrast
with others who reported that between 15 and 34% of healthy
adults have abnormal capillaries."  In the largest paediatric
series, Terreri ef al reported the presence (without quantifica-
tion) of bushy capillaries in 6% and bizarre capillaries in 27%
of healthy children, considering them as a distinct feature of
children’s capillary network."” Abnormal yet regular capillaries
were found in one healthy young child in this study, probably
reflecting the maturational changes outlined elsewhere."

In this study, avascularity was a semiquantitative parameter
assessed by a simplified three point scale. Only the presence of
multiple or large avascular areas (grade 2) was considered
important, as the relatively narrow depth of field of the capil-
laroscope sometimes reduces the number of end row capillar-
ies in focus. Additionally, it was not always feasible to distin-
guish end row capillaries from those in the adjacent dermal
papilla. Avascularity was present only in patients with CTD, as
we have previously reported.” It is possible that the published
definition of avascular areas in adult nailfolds is inappropriate
for children, leading to reduced specificity. Using a more
detailed scoring system, other authors reported the presence
of avascular areas in adult patients with SLE, in up to 7% of
healthy adults' ** and in 2% of healthy children." Avascularity
may reflect either ischaemia or local trauma, and it is impor-
tant to assess both its extent and any associated abnormal
capillaries. Bushy loops surrounding an avascular area are a
sign of neovascularisation typically present in JDMS.'""
Therefore we believe that qualitative analysis of nailfold capil-
lary image may enhance objective quantitative data.

Vascular disarrangement

This study was the first to quantify the degree of nailfold vas-
cular disarrangement as a highly reproducible global scoring
parameter. A definitely disarranged pattern was virtually
absent in the control population studied, irrespective of age.
Neither was this degree of disarray seen in SLE and JIA
disease controls. In keeping with other published information,
vascular disarray was present in the majority of patients with
CTD and corresponded closely with the presence of abnormal
capillaries and avascularity.”

In summary, nailfold capillaroscopy is a clinically useful
technique which can result in objective, reproducible, quanti-
tative data to discriminate between control and disease popu-
lations for diseases such as JDMS and SSc. It may provide a
window on the process of angiogenesis, which may be
disordered in chronic multisystem inflammatory disease."” ' It
is still unclear whether NFC will be sufficiently sensitive to
change to be useful for monitoring one aspect of the chronic
inflammatory process.”

ACKNOWLEDGEMENTS

Our grateful thanks go to Dr Paul Davies for statistical assistance and
to Dr Janet Gardner-Medwin for critical reading of the manuscript.
The generous support of the Raynaud’s and Scleroderma Association
is gratefully acknowledged.


http://ard.bmj.com

Nailfold capillary microscopy in healthy children

Authors’ affiliations

P Dolezalova, Department of Paediatrics and Adolescent Medicine,
Charles University in Prague, 1st Faculty of Medicine, Prague, Czech
Republic

S P Young, P A Bacon, T R Southwood, Department of Rheumatology,

University of Birmingham, B15 2TT, UK

REFERENCES

1 Maricq HR, Spencer-Green G, LeRoy EC. Skin capillary abnormalities as
indicators of organ involvement in scleroderma (systemic sclerosis),
Raynaud’s syndrome and dermatomyositis. Am J Med 1976;61:862-70.
Maricq HR, LeRoy EC, D'Angelo WA, Medsger TA Jr, Rodnan GP,
Sharp GC, et al. Diagnostic potential of in vivo capillary microscopy in
scleroderma and related disorders. Arthritis Rheum 1980;23:183-9.
von Bierbrauer AFG, Mennel HD, Schmidt JA, von Wichert P. Intravital
microscopy and capillaroscopically guided nail fold biopsy in
scleroderma. Ann Rheum Dis 1996;55:305-10.

Houtman PM, Kallenberg CGM, Wouda AA, The TH. Decreased

nailfold capillary density in Raynaud’s phenomenon: a reflection of

immunologically mediated local and systemic vascular disease? Ann

Rheum Dis 1985;44:603-9.

5 Lovy M, MacCarter D, Steigerwald JC. Relationship between nailfold
capillary abnormalities and organ involvement in systemic sclerosis.
Arthritis Rheum 1986;28:496-501.

6 Joyal F, Choquette D, Roussin A, Levington C, Senécal JC. Evaluation of

severity of systemic sclerosis by nailfold capillary microscopy in 112

patients. Angiology 1992;43:203-9.

Maricq HR, Weiberger AB, LeRoy EC. Early detection of

scleroderma-spectrum disorders by in vivo capillary microscopy: A

prospective study of patients with Raynaud’s phenomenon. J Rheumatol

1982;9:289-91.

Harper FE, Maricq HR, Turner RE, Lidman RW, Leroy EC. A prospective

study of Raynaud phenomenon and early connective tissue disease. A

five year report. Am J Med 1982;72:883-8.

Houtman PM, Kallenberg CGM, Fidler V, Wouda AA. Diagnostic

significance of nailfold capillary patterns in patients with Raynaud's

phenomenon. J Rheumatol 1986;13:556-63.

10 Zufferey P, Depairon M, Chamot AM, Monti M. Prognostic significance

of nailfold capillary microscopy in patients with Raynaud’s phenomenon

and scleroderma-pattern abnormalities. Clin Rheumatol
1992;11:536-41.

Andrade LEC, Gabriel A Jr, Assad RL, Ferrari AJL, Atra E. Panoramic

nailfold capillaroscopy: a new reading method and normal range. Semin

Arthritis Rheum 1990;20:21-31.

Terreri MTRA, Andrade LEC, Pucinelli ML, Hildrio MOE, Goldenberg J.

Nail fold capillaroscopy: normal findings in children and adolescents.

Semin Arthritis Rheum 1999;29:36-42.

Herrick AL, Moore T, Hollis S, Jayson MIV. The influence of age on

nailfold capillary dimensions in childhood. J Rheumatol

2000;27:797-800.

14 Leader SD. Capillary microscopy in children. Am J Dis Child
1932;44:403-16.

15 Cony M, Klene-Boudard C, Fontan |, Sanciaume C, Sarrat P, Taieb A, et
al. Etude des aspects capillaroscopiques péri-unguéaux chez I'enfant
normal. Arch Fr Pediatr 1992;49:171-4.

16 Spencer-Green G, Crowe WE, Levinson JE. Nailfold capillary
abnormalities and clinical outcome in childhood dermatomyositis.
Arthritis Rheum 1982;25:954-8.

17 Silver RM, Maricq HR. Childhood dermatomyositis: serial microvascular
studies. Pediatrics 1989;83:278-83.

N

w

I

N

fec]

o)

N

w

18

19
20
2

22

23

24

25

26

27

28

29

30

3

32

33

34

35
36

37

3

[ee]

39

449

Nussbaum Al, Silver RM, Maricq HR. Serial changes in nailfold
capillary morphology in childhood dermatomyositis. Arthritis Rheum
1983;26:1169-72.

Navon P, Yarom A, Davis E. Raynad’s features in childhood. J Malad
Vascul 1992;17:273-6.

Redisch W, Messina EJ, Hughes G, McEwen C. Capillaroscopic
observations in rheumatic diseases. Ann Rheum Dis 1970;29:244-52.
Rouen LR, Terry EN, Doft BH, Clauss RH, Redish W. Classification and
measurement of surface microvessels in man. Microvasc Res
1972,;4:285-92.

Lee P, Leung FYK, Alderdice C, Armstrong SK. Nailfold capillary
microscopy in connective tissue diseases: a semiquantitative assessment. J
Rheumatol 1983;10:930-8.

Maricq HR. Widefield capillary microscopy. Technique and rating scale
for abnormalities seen in scleroderma and related disorders. Arthritis
Rheum 1981;24:1159-64.

Walls EW, Buchanan TJ. Observations of capillary blood vessels of the
human nail fold. J Anatom 1956;90:329-36.

Duffy CM, Laxer RM, Lee P, Ramsay C, Fritzler M, Silverman ED.
Raynaud syndrome in childhood. J Pediatr 1989;114:73-8.

Wildt M, Hesselstrand R, Scheja A, Akesson A. Capillary density in
patients with systemic sclerosis, as determined by microscopy counts and
compared with computer-based analysis. Clin Exp Rheumatol
1999;17:219-22.

Scheja A, Elborgh R, Wildt M. Decreased capillary density in juvenile
dermatomyositis and in mixed connective tissue disease. J Rheumatol
1999;26:1377-81.

Jyanetti S, Smith CP, Moore T, Jayson MIV, Herrick AL. Thermography
and nailfold capillaroscopy as noninvasive measures of circulation in
children with Raynaud’s phenomenon. J Rheumatol 1998;25:997-9.
Martino F, Agolini D, Arrigliano D, Guido F, Placanica G, Giardini O.
La capillaroscopia periungueale in soggetti normali di eta compresa tra
0 e 16 ani. Minerva Pediatr 1997;49:197-201.

Lefford F, Edwards JCW. Nailfold capillary microscopy in connective
tissue disease: a quantitative morphological analysis. Ann Rheum Dis
1086;45:741-9.

Cervini C, Grassi W. Raynaud’s phenomenon. Rheumatology in Europe
1996;25:111-13.

Scheja A, Akesson A, Niewierowicz |, Wallin L, Wildt M, Wollheim FA.
Computer based quantitative analysis of capillary abnormalities in
systemic sclerosis and its relation to plasma concentration of von
Willebrand factor. Ann Rheum Dis 1996;55:52-6.

Kabasakal Y, Elvins DM, Ring EFJ, McHugh NJ. Quantitative nailfold
capillaroscopy findings in a population with connective tissue disease
and in normal healthy controls.Ann Rheum Dis 1996;55:507-12.
Maricq HR. Comparison of quantitative and semiquantitative estimates of
nailfold capillary abnormalities in scleroderma spectrum disorders.
Microvasc Res 1986;32:271-6.

Bongard O, Bounameaux H. Clinical investigation of skin
microcirculation. Dermatology 1993;186:6-11.

Spencer-Green G, Schlesinger M, Bove E, Levinson JE, Schaller JG,
Hanson V, et al. Nailfold capillary abnormalities in childhood rheumatic
diseases J Pediatr 1983;102:341-6.

Dolezalova P, Telekesova P, Nemcova D, Hoza J. Nailfold
capillaroscopy in paediatric rheumatology. Ces Revmatol
2001,9:78-84.

Cutolo M, Sulli A, Pizzorni C, Accardo S. Nailfold videocapillaroscopy
assessment of microvascular damage in systemic sclerosis. J Rheumatol
2000;27:155-60.

Walsh DA. Angiogenesis and arthritis. Rheumatology (Oxford)
1999,38:103-12.

www.annrheumdis.com


http://ard.bmj.com

